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Article  by  a.  I.  Hriventsov,  Novocherkassk  Institute  of  Chemical 
Hydrology/ 

This  article  examines  the  problem  of  forecasting 
the  mineral  content  and  chemical  composition  of  reservoir 
water,  the  problem  of  the  magnitude  of  calculation  errors 
when  using  various  forecasting  methods  and  the  tasks  fac- 
ing the  forecasting  of  the  chemical  composition  of  reser- 
voir water. 
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Reservoir  construction  development  in  our  country  and  the  use  of  this 
water  for  industrial  and  home  water  supplies  have  made  it  necessary  to 
calculate  the  expectea  mineral  content  and  chemical  composition  of  the 
water  of  these  newly  constructed  and  existing  reservoirs. 

. ...  3ochkov  of  ..III/ED  ijt&G  ion  Scientific  Research  Institute 

of  .Vater  Supply,  Sewer  Systems,  Hydraulic  Engineering  Structures,  and 
Engineering  Hydrogeology/  first  became  involved  with  the  problems  of 
forecasting  the  mineral  content  of  reservoir  water  during  the  con- 
struction of  industrial  and  drinking  water  reservoirs  in  the  Donbass 
A number  or  authors  subsequently  worked  on  improving  ...  Hochkov's 
methods  and  developing  new  forecasting  methods,  jelow  we  will  examine 
the  nistory  of  the  development  of  this  problem  and  the  problem  of  the 
magnitude  or  calculation  errors  when  using  various  forecasting  rnetnods 
an  well  as  the  problems  facing  the  forecasting  of  reservoir  water  chem- 
ical composition. 


.* . r. . dochkov  /based  on  salt  and  water  balance  equations/  has  suggested 
a calculating  formula  which  looks  like  this  in  our  symbols: 


M,V,  + MwVup  — MnVci 

V.+  Vu,-Vc-V^ 


(1) 


where  P.K  is  the  expected  water  mineral  content  at  the  end  of  the  calcu- 
lation period;  rt. , ..np  and  KtT  are  the  average  mineral  content  of  reser- 
voir water  at  the  beginning  of  the  calculation  period;  the  weighted  water 
mineral  content  of  all  types  of  water  Intake  into  and  expenditure  from 
the  reservoir;  V# , V and  Vcy  are  the  water  volumes  in  the  reservoir  at 
the  beginning  of  the  calculation  period,  all  types  of  flow  int®  it  and 
out  of  it,  except  for  evaporation,  during  the  calculation  period;  Vucif 
is  the  water  loss  through  evaporation  from  the  reservoir's  surface  during 
the  calculation  period.  , 

All  of  the  values  on  the  right  side  of  the  formula,  except  Hcr»  can  be 
calculated  quite  accurately  by  studying  physicogeographic  conditions  of 
the  basin  and  region  of  the  reservoir,  the  hydrochenistry  and  hydrology 
of  the  river  which  will  feed  the  planned  or  is  feeding  the  existing  re- 
servoir, and  the  project's  water  management  calculations. 


The  value  of  KCT  was  the  most  difficult  to  determine.  Therefore,  i«,  h. 
3ochkov  suggested  the  following  approximate  value  for  calculating  it 
based  on  the  functional  dependence  of  tf ct  on  to#  and  nnpj 


..  Af|V«  + AfnpVip 

VT+VT,  • 


(2) 


G.  I.  ?opov^~47  feels  that  tier  will  be  changed  during  the  calculation 
period  from  m#  to  ,iK,  if  it  is  assumed  that  the  intake  and  reservoir 
water  is  fully  mixed.  He  assumes  that 


Ma~ 


M.  + M, 

‘ T ' 


(3) 


C.  A.  Alekln/5.  pp  24-26;  &i2P  222-226/,  P.  P,  Voronkov//-^/,  Ya.  ?. 
rleshkov/lo/V  A.  V.  Chibov/l y and  for  the  long-term  regulation  storage 
period,  including  the  years  when  flood  waters  were  disposed  through  the 
dam,  V.  A.  3ara.nov  and  N.  M,  3ochkov/l2 J , use  the  value  . ^t  suggested  by 
G.  I.  Popov  and  also  when  calculating  according  to  formula  (1). 


After  introducing  formula  (3)  a.nd  the  simplest  transformations  into  it, 
formula  (1)  looks  like 


M.= 


MmV,  + MnpV'op  - O.SMmV„ 
Vm  + YV-0;&„-Vmm  • 


(4) 


Some  authors  divide  the  flow  volume  (vw  ) into  its  components  1 Vp- 
flow  from  the  river,  7$  - intake  from  the  side  flows  of  the  reservoir 
and  the  run-off  from  its  drainage  system,  Vr  - subsoil  flow,  - 

rainfall  intake  on  the  reservoir's  surface,  ijerr  - water  intake  during 
ice  thawing  in  the  reservoir,  from  7cr  they  educe  'i 4,. o - the  water  ex- 
pended on  ice  formation.  Its  corresponding  mineral  content  equates  to 
these  water  volumes;  P.f , mc , m p,  i\ftTA),  and  uaj}  . 


2 


rfhen  substituting  these  values  in  formula  (4),  it  looks  like  thisi 

MtV  m + MpV  p + jMjV'j  4-  MrV  t + MnuV  (TH  + Al*,  T T — Mt.  — 0,SMlVfCT 

V^Vt+v't+V'  + V„a  + Vl_1-Vi..-0,6Vct  -V^ W 

cl.  I.  Kriventsov,  k.  1.  Lazarev  and  G.  FesenKo/l^/  in  forecasting  the 
mineral  content  of  the  Kuybysnev  reservoir,  aocepted  a value  for  ;•  cT  equal 
to  As  n*  ^i^ntsov/T^/  had  earlier  pointed  out,  with 

the  &alue  or  mcr  calculated  as  m*  (the  average  water  mineral  content  of  the 
entire  reservoir  at  the  end  of  the  calculation  period^  it  becomes  equal  to 
f.cr , which  cannot  be  correct. 

»•;.  V.  Tovbin,  A.  m.  Almazov,  K . 3.  Fel'dman  and  Yu.  G.  ;laystrenko/l5,  p 407 
in  their  forecast  of  the  water  mineral  content  of  the  Kakhovskly  reservoir, 
used  the  formulaMK=  * ar1^  ^ey  accepted  mK  or  for 

n er.  The  divergence  between  the  result’s'°obtained  with  the  various  values 
of  ^ r , according  to  their  data,  did  not  exceed  3.1  percent.  They  made 
their  final  calculation  with  ht7  ■ mK.  It  is  Impossible  to  acknowledge  the 
correctness  of  either  method. 

Analyzing  formula  (4),  I*..  I.  kriventsov  showed  that  ir  the  volume  of  drain- 
age from  the  reservoir  is  more  than  double  the  volume  of  water  in  the  reser- 
voir at  the  beginning  of  the  calculation  period,  then  using  a greater  mag- 
nitude for  the  ratio  of  the  average  water  mineral  content  of  the  reservoir 
at  the  beginning  of  the  calculation  period  to  the  average  water  mineral 
content  of  the  flow  during  the  calculation  period,  it  is  possible  to  obtain 
a negative  quantity  for 

0.  A.  Aleksin/?),  p 2f£7  had  earlier  pointed  out  that  the  smaller  the  term  of 
the  calculating  period,  the  more  accurate  the  calculation.  ?.  ? . Vorrv  kov 
had  even  earlier  suggested  that  when  using  formula  (4)  and  (3j,  one 
should  use  such  calculation  periods  when  the  discharged  water  volume  doc 5 
not  exceed  by  much  the  doubled  water  volume  in  the  reservoirs  at  the  be- 
ginning of  the  calculation  period. 

Ya.  F . ilcshkov^/l , 3.  N.  .\rits.-:iy  and  h.  F.  menkel ' [\.^J  and  A.  ?.  drasiav- 
skiy/W  dave  proposed  more  accurate  calculation  formulas.  These  formulas 
have  been  derived  by  the  authors  from  differential  equations  of  salt  and 
water  balances  under  the  following  conditions;  1)  the  absence  of  salt  sedi- 
ments in  the  reservoir  and  their  entering  and  leaving  through  the  air, '2) 
for  the  calculation  period  the  mineral  content  of  the  intake  and  the  degree 
of  all  components  of  the  reservoir's  water  balance  are  constant,  3 J water 
is  promptly  and  fully  nixed  in  the  reservoir.  The  formulas  of  the  first 
three  authors  have  not  found  usage  because  they  are  too  complex  for  cal- 
culation purposes.  A.  i.  3raslavskiy  compiled  auxiliary  tables  for  his 
formulas  which  have  significantly  simplified  calculations.  The  author  has 
achieved  an  even  greater  calculation  simplicity  in  his  second  work/T]7 
where,  having  modified  the  formulas  somewhat,  he  replaced  the  auxiliary 
tables  with  nomograms. 
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For  the  clear  water  period,  A.  1’.  Braslavskiy's  formula  looks  like  this 
in  our  symbols: 


M 


„ = M.  + ( 


M 


BP 


V'np  — V ICii  + y«»» 


Mm)B. 


(6) 


I+- 


I-- 


where  5 = 1 -(-{£) 

He  suggested  the  following  formula  for  the  freezing  period: 


M 


■=M  + (. 


M, 


V'.p 


^np  — (1  — «)  V,»_# 


M, 


,)b. 


!+• 


vT- 


5=1 


"(*) 


I-- 


(7) 


where  V K«  / , and  a is  the  ratio  of  the  water  mineral  con- 

tent in  the  ice  to  the  mineral  content  of  the  water  from  which  the  ice  was 
formed  which  A.  j?.  Braslavskiy  assumes  as  being  equal  to  0.2. 

The  average  water  mineral  content  of  ice  during  the  winter  is  calculated 
with  the  formula 


Af*  ep  = a j Af,  + M„p  7 


■p" 


-(!-«)  VTo  **■[ 


B + -Jr--1 

'-VTTFivr. 

V « 


(8) 
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In  another  work  A.  r.  Braslavskiy/lS/  proposes  a formula  for  calculating 
the  average  mineral  content  of  the  drainage  water  from  the  reservoir  for 
the  calculation  period.  This  formula,  somewhat  modified  by  us,  looks  like 
this  in  our  symbols: 

V V 

Mct  = M.-j-[1r-Mnp-  (l  - 4-p^-)  M„]  ^ * v.  | 


f: 


*» 
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In  formula  (3 )3  is  equal  to  b of  formula  (7 ) , and  in  formula  (9)  b is  equal 
to  i of  formula  (6;.  fhe  value  of  3 for  all  four  formulas  is  determined  by 
the  tables  attached  to  the  author's  work/l2 J . 

in  recent  years  /.  A.  Baranov  and  L.  n.  iO~mv [\'jj  and  j.  A.  Saranov^b/ 
(/All  VOD'ISC/,  having  considered  that  the  calculation  formulas  of  the 
expected  water  mineral  content  which  have  been  inferred  from  the  equations 


" 


of  the  salt  and  water  balances  of  a reservoir  do  not  fully  correspond  to 
all  of  the  processes  taking  place  in  reservoirs  and  do  not  take  into 
account  all  of  the  factors  which  determine  the  ionic  composition  and  min- 
eral content  of  reservoir  water,  have  suggested  that  the  expected  water 
mineral  content  should  be  determined  by  charts  constructed  with  empirical 
equations j 

Af.  = /(£.  A*)  = /(*\  M)  1 19]  h ±A M,  = /(K')  1 20], 


where  * is  the  expected  water  mineral  content  at  the  end  of  the  calcu- 
lation period,  Vi  is  the  volume  of  water  in  the  reservoir  at  the  end  of 
the  calculation  period,  V is  the  greatest  volume  of  water  in  the  reser- 
voir during  the  calculation  hydrologic  year  (from,  the  start  of  flood-time 


where 

in  the  reser- 
iinp  and  V/jf  are  the  average  min- 


to  the  end  of  the  winter  low-water  period),  h = !1E- 

i.M  and  are  the  average  mineral  content  and  water  volume  in 
voir  before  the  beginning  of  flood-time,  Vinp  and  are  the 
eral  content  and  volume  of  water  intake  in  the  reservoir  during  the  cal- 
culation hydrologic  year,  a'  = Vj//  is  the  relative  capacity  coefficient 
of  the  reservoir' on  a calculated  date, Am*  is  the  increase  in  the  mineral 
content  of  reservoir  water  when  it  is  at  maximum  water  level  during  flood- 
time when  compared  to  the  mineral  content  pf  the  water  before  flood-time 
Uk).  **  = . and(T)cjB3-  » where  and  Vj,  is  the 

average  mineral  content  and  voluine  of  intake  water  in  the  reservoir  daring 
the  period  from  the  start  of  flood-time  to  the  time  of  maximum  water 
level  in  the  reservoir. 


Both  of  these  charts  have  been  constructed  on  the  results  of  a study  of 
reservoirs  mainly  in  the  Donbass,  partly  in  Kazakhstan  and  other  individual 
JiaSR  reservoirs.  Therefore  they  can  be  used  evidently  only  for  reservoirs 
close  to  these  in  their  geographical  conditions. 

V.  A.  Baranov  and  L.  J.  Popov  have  proposed  a chart  for  calculating 
in  any  period  of  the  hydrological  year  on  the  condition  that  there  is  no 
summer  rain  flooding,  a 1th  the  presence  of  the  latter,  the  hydrological 
year  should  be  divided  into  two  parts:  from  the  start  of  the  spring  flood- 
time to  the  beginning  of  rain  flooding  and  from  the  beginning  of  rain 
flooding  to  the  start  of  the  next  year's  spring  flood-tine. 

In  this  chart  the  values  of  the  expected  mineral  content  of  the  water  (;•.*) 
have  been  plotted  on  the  x-axis  and  the  value  of  a on  the  y-axis. 

Additional  straight  lines  located  at  various  distances  from  the  y-axis  and 
at  various  angles  to  the  x-axis  have  been  laid  out  on  the  chart.  These 
straight  lines  are  used  to  determine  ..K  with  various  values  for  A equal 
to  ?50,  510,  750,  1000,  1250,  1750  and  2000  mg/ 1.  The  end  points  of  each 
of  the  indicated  straight  lines  correspond  to  the  values  of  the  expected 
mineral  content  of  reservoir  water  ^..k)  presented  in  the  chart  which  have 
been  plotted  on  the  horizontal  coordinates  corresponding  to  the  values 
a = 1 and  ..  ~ 0.  The  positioning  of  these  points  has  been  determined  with 
the  author's  original  cnart. 
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M Mr/ J 

M , 

ur/j 

M Mr/j 

mk 

nr/a 

np«  K — 1 

nptt  /C«»0 

npn  K “ 1 

npa  AC  “0 

250 

330 

350 

1250 

1250 

1830 

500 

460 

720 

1500 

1460 

2200 

750 

700 

1090 

1750 

1720 

2590 

1000 

950 

1460 

2000 

1980 

2980 

When  determining  .-i*  with  this  chart,  first  they  locate  the  value  of  a 
for  the  entire  hydrological  year  or,  when  dividing  it  into  two  parts, 
for  each  part,  then  for  the  end  of  each  calculation  period  they  compute 
a and  at  the  intersection  of  the  value  of  K with  the  sloping  straight 
line  corresponding  to  the  value  of  A,  they  locate 


V.  A.  Baranov  constructed  his  chart  only  for  the  rising  water  level 
period  in  the  reservoir.  For  the  period  of  a decrease  in  water  storage 
he  uses  the  chart  of  V.  A.  Baranov  and  L.  ?.  f-opov.  The  ratio  between 
A..  k.  (plotted  on  the  x-axis)  for  the  end  of  the  indicated  period  and  the 
value  of  a*  (y-axisj  is  expressed  by  the  straight  line  whose  equation, 
computed  with  the  author's  chart,  has  the  form  = -1333.6  A'  + 1>32.2. 
Calculated  according  to  this  equation  or  found  through  the  chart,  A'-k 
is  summed  up  algebraically  by  the  average  mineral  content  of  reservoir 
water  at  the  beginning  of  flood-time- — hH.  The  value  obtained  .-.K  is  for 
the  end  of  the  period  of  a rising  water  level  in  the  reservoir. 


r 


9 

a 


f. 


At 


JDG30  they  are  continuing  to  develop  charts  expressing  the  em- 


pirical ratios  of 


and  the  contents  of  separate  ions  at  the  end  of  the 


calculation  period  on  those  presented  above  and  other  values. 


decently  I.  A.  rave  lx  o and  A.  A,  Tarasov/?^  proposed  a simplified  method 
or  forecasting  the  mineral  content  and  Ion  composition  of  reservoir  water. 
They  calculated  with  formula  \5)  but  they  took  the  data  on  the  mineral 


content  of  the  individual  types  o"  flow  water  from  charts  outlining  the 


minim  in,  maximum  and  weighted  mineral  content  of  river  water,  according 
to  drainage,  for  cold  and  warm  periods  of  the  year  and  also  the  value  of 
the  layer  being  evaporated  from  the  water  surface.  The  authors  fore- 
casted tne  mineral  content  of  the  existing  reservoirs  by  using  the  charts 
which  they  had  compiled  for  Aazakhstan.  As  a result  of  this  calculation, 
values  were  obtained  which  deviate  from  those  observed  in  real  life  by 
no  more  than  20-30  percent  which  is  a satisfactory  figure  for  rough 
estimates . 


The  authors  propose  to  judge  the  ion  composition  of  the  water  of  future 
reservoirs  with  charts  which  depict  the  connection  of  the  ion  composition 
or  river  water  to  its  mineral  content. 


PIT* 


All  of  the  methods  described  for  determining  the  expected  chemical  com- 
position and  mineral  content  of  reservoir  water  nave  been  based  on  the 
assumption  that  a full  and,  according  to  A.  r.  3raslavskiy,  a prompt 
mixing  of  the  flow  water  with  the  reservoir  water  will  occur.  In  reality 
a full  or  close-to-full  mixing  of  water  can  occur  at  separate  periods  of 
the  year  only  in  reservoirs  of  long-standing  regulation,  i.e.,  in  reser- 
voirs with  slight  water  change  and  small  in  volume  (on  the  order  of  20-53 
million  cubic  meters  of  water  in  them  and  having  a length  to  average  width 
ratio  of  roughly  not  greater  than  3-i0* 

A full  mixing  of  intake  water  with  the  reservoir  water  is  not  observed  in 
reservoirs  with  a large  volume  of  water,  elongated  in  length,  with  sea- 
sonal or  yearly  control,  especially  with  great  water  traffic.  The  full 
mixing  of  water  both  in  long-term  control  reservoirs  and  in  ponds/? , 18, 
22-337  is  not  observed  during  a period  of  flooding. 

Jr,  ?.  Voronkov/"^/  when  studying  the  problem  of  the  expected  mineral  con- 
tent of  Volga  reservoir  water,  characterized  by  a great  water  traffic, 
considered  them  as  rivers  having  increased  water  losses  through  evaporation 
and  somewhat  slow  currents.  Proceeding  from  this,  he  suggested  the  follow- 
ing formula  (in  our  symbols)  for  calculating  the  expected  mineral  content 
of  the  drainage  water  from  them: 

Mct=M"PV^p+ v'.Il-i'W  (10) 

and  for  a rough  estimate  of  the  mineral  content  of  the  water  of  the  nuy- 
byshev  and  Volgograd  reservoirs,  he  adopted  the  mineral  content  of  Volga 
water  near  Saratov  and  Astrakhan' . 

m.  I,  A.riventsov/l4,  3 l7  suggested  river  reservoirs,  elongated  in  length, 
with  seasonal  or  yearly  regulation,  should  be  considered  as  transformed 
rivers  in  which  the  intake  water  gradually  replaces  the  water  used  and 
discarded  through  the  reservoir's  dam  water,  moreover  it  is  assumed  that 
the  intake  water  (running)  is  mixed  fully  with  the  water  of  the  side  flows 
of  the  reservoir,  rainfall,  soil-supply  water  and  water  from  melting  ice 
and  is  not  mixed  or  mixed  only  partially  with  the  reservoir's  replaceable 
water.  Considering  that  the  speed  of  the  water  current  in  a reservoir  is 
slow  in  comparison  with  a river's  and  the  running  time  from  one  point  to 
another  cannot  be  determined  through  a correlation  of  the  hydrographs  of 
these  points,  he  developed  a method  for  calculating  the  running  of  water 
into  the  reservoir  from  its  top  to  the  dam  or  to  another  point,  taking 
into  account  the  water  loss  through  evaporation  or  the  ice  formation  of 
the  running  water. 

This  method  of  calculation  makes  it  possible  to  determine  the  mineral 
content  of  reservoir  water  not  only  near  its  dam  but  at  any  point  of 
the  reservoir  if  the  water  volumes  at  the  section  from  the  top  to  the 
computed  point  are  known. 


7 


in  the  method  under  consideration  it  is  assumed  that  the  change  of  the 
mineral  content  of  the  running  water  occurs  during  its  journey  from  the 
top  to  the  reservoir's  dam  not  only  influenced  by  the  water  mixed  into 
it  but  also  tnrough  the  water  losses  caused  by  evaporation  or  ice  form- 
ation. 

In  order  to  calculate  the  expected  mineral  content  at  one  or  another  point 
of  the  reservoir  according  to  this  method  it  is  necessary;  1 j to  determine 
the  duration  of  the  running  of  water  in  different  periods  of  fhe  year  from 
the  top  of  the  reservoir  to  its  computed  point,  2)  to  determine  water 
losses  through  evaporation  and  ice  formation  of  the  running  water  in  per- 
centages of  its  volume  and  3)  to  compute  the  weighted  mineral  content  of 
the  running  water  after  mixing  it  with  other  types  of  intake. 

The  length  of  the  running  period  is  determined  by  the  time  required  to 
fill  the  entire  reservoir  or  a part  of  it  up  to  the  calculated  point 
with  the  running  water  to  the  volume  corresponding  to  the  end  of  the 
running  period  according  to  water  management  calculations,  moreover, 
the  volume  of  all  of  the  other  types  of  inflow  mixing  with  the  running 
water  is  taken  into  account,  as  well  as  the  volume  of  this  same  water 
which  is  lost  through  evaporation  or  ice  formation.  These  losses  are 
computed  according  to  the  size  of  the  evaporated  water  layer  or  the 
thickness  of  the  former  ice  layer  and  according  to  the  surface  area 
of  the  water  at  the  section  of  the  reservoir  where  the  running  water  is 
for  separate  ten-day  periods  or  months  of  the  calculation  running  period. 

The  calculation  of  the  weighted  mineral  content  of  the  running  water  is 
carried  out  according  to  the  formula 

AM  4-  + MrV r + Af,Tl(  V,TM  + MA,  1 — Mm.  0 Vj  0 

"*  V7+  Vc,  4-  vr  + VtTM  + VJLr-VM.0 1"5-.  (H) 

where  Vp  is  the  volume  of  river  drainage  forming  the  reservoir  for  the 
first  days  of  the  calculated  running  period;  i5,  "r , , U.r  and  '1a  o 

are  the  average  daily  intake  of  water  volume  flowing  into  the  reservoir, 
the  soil  flow,  rainfall,  water  from  melting  ice,  water  used  in  forming 
ice,  for  the  computed  running  period,  moreover,  the  winter  snow  and 
the  water  from  the  melting  ice  are  taken  into  account  in  the  ice-melting 
periods  and  are  not  accounted  for  in  the  ice-freezing  periods.  r,p  is 
the  mineral  content  of  the  river  water  forming  the  reservoir  for  the 
first  days  or  the  nearest  running  periods  calculated,  e,  or,  --xth,  - ■ <A-  T 
and  vt.P  are  the  average  water  mineral  contents  of  the  volumes  corres- 
ponding to  it,  -c/1  is  the  amount  of  salt  mixed  and  extracted  by  the  runnin 
water  from  the  reservoir's  banks  during  their  flooding  and  erosion,  cal- 
culating on  one  liter  of  volume  of  all  types  of  intake  during  the  calcu- 
lating period  of  the  running. 
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The  mineral  content  of  water  at  the  calculating  point  .\p,T  is  determined 
according  to  the  formula 

u _ ^*o#-100  /im 

* 100  — 1 * 


where  L is  the  percent  of  water  loss  through  evaporation  or  ice  formation 
by  the  running  water  for  the  calculating  period  of  the  running. 

A.  A.  ler.in  and  k.  G.  Lazarev/~327,  when  checking  h.  I.  Ajriventsov's 
method  at  the  auybyshev  reservoir,  computed  the  period  of  water  running 
from  the  top  to  the  dam  of  the  reservoir,  dividing  the  wnter  volume  in  the 
reservoir  at  the  start  of  the  calculating  period  by  the  daily  expenditure 
of  water  from  the  reservoir,  taking  into  account  ice  formation,  ice  melting 
and  an  increase  of  evaporation  over  precipitation.  We  fully  accept  this 
calculating  method  but  it,  like  calculating  the  running  period  suggested 
by  ...  I.  i-jriventsov,  must  take  into  account  not  only  the  factors  indicated 
by  the  authors  but  also  the  side  and  soil  inflows  entering  the  discarded 
water  which  influence  the  length  of  the  running  period. 

o.  A.  AleKin/”£7,  for  forecasting  the  mineral  content  of  water  stretched 
throughout  the  length  of  reservoirs  with  seasonal  or  yearly  regulation, 
suggested  the  use  of  a model  of  a reservoir's  water  replacement  processes 
with  whose  results  could  be  decided  the  future  mineral  content  of  the 
reservoir  water,  He  considers  the  division  of  the  reservoir  along  its 
length  into  several  sections  in  accordance  with  the  morphometry  of  the 
basin  to  be  a less  accurate  solution  to  this  problem.  Calculating  the 
expected  mineral  content  of  the  water  should  be  done  consecutively  along 
the  sections  from  the  upper  to  the  lower  ones  according  to  formula  (5). 
moreover,  he  recommends,  subject  to  the  water  interchange  (ratio  of 
volume  of  the  inflow  water  to  the  volume  of  the  water  at  the  section)  and 
morphometry  of  the  section,  mix  the  old  water  with  the  new  at  a ratio  of 
from  1 s 3 to  lil  for  the  calculating  period,  which  should  be  equal  to  the 
period  required  for  filling  the  given  section. 

The  forecasting  methods  outlined  were  checked  by  various  authors  at  sev- 
eral existing  reservoirs.  Thus,  r.  ?.  Voronko v/"^/  found  t'pat  the  calcu- 
lation error  using  formula  (j>)  for  the  expected  mineral  content  of  the 
water  of  the  Rybinsk  reservoir  for  the  years  1944-4,5  and  1946-47  fluc- 
tuated from  1.1  to  16  percent  compared  to  that  which  was  actually  observed, 
w,  I,  xvriventsov/~327  compared  the  results  of  calculating  the  mineral 
content  of  the  water  of  the  Veselovskiy  reservoir  for  the  period  from 
20  July  1955  to  27  July  1956  for  its  different  points  according  to  his 
proposed  method  with  those  actually  observed.  It  turned  out  that  the 
calculation  error  fluctuated  from  3 to  34  percent,  with  an  average  equal 
to  16  percent. 


\&£um6arrx'. 


A.  i.  Jenisova  and  A.  r*.  Al.ia.’. ov^~ 3ft7  calculated  the  mineral  content  of 
the  water  of  the  kakhovskly  reservoir  for  the  period  July  195&  to 
December  1 ')fi  using  formula  i^)i  1 n which  hcr  was  equated  to  i.K,  A com- 
parison of  the  results  of  this  calculation  with  values  observed  in  reality 
showed  that  the  calculation  error  was  equal  to  13.4  percent  on  tie  aver- 
age with  fluctuations  from  0 to  40,3  percent.  Unfortunately,  with  these 
calculations  for  m*  of  the  first  period  and  for  that  mineral  content  of  the 
reservoir  water  observed  in  reality,  they  did  not  take  the  average  min- 
eral contents  of  its  water  but  rather  the  mineral  content  of  the  water 
in  the  pre-dam  section  which  is  not  the  same  thing.  A,  A.  ~enin  and  a.  3. 
Lazarev^Py7  have  checked  the  results  of  forecasting  the  water  mineral  con- 
tent of  the  Ajy’oyshev  reservoir  done  by  p.  P.  Voronkov^-^  with  formula 
;10)  and  . I.  kriventsov  with  the  running  method  and  have  concluded  that 
if  one  correctly  determines  the  mineral  content  of  the  intake  water,  then 
its  values  found  through  formula  (13_),  taking  into  account  the  running 
and  according  to  the  method  of  ...  I.  kriventsov,  will  be  close  to  those 
observed  in  reality. 

/.  A.  -aranov  and  L.  A'.  lOpov/TJJ  compared  the  results  of  calculating 
the  mineral  content  of  the  water  according  to  the  cnart  suggested  by  them 
with  that  observed  in  reality.  The  calculation  error  for  the  reservoirs 
of  the  Donbass  turned  out  to  be  equal  to  >10-20  percent. 

...  I.  kriventsov,  ...  Petrenko  and  A.  A.  Ahonen.<c/3£7  have  checked  some 
of  the  forecasting  methods  and  their  modifications  at  four  existing  re- 
servoirs. These  sane  authors,  together  with  0,  L.  Patina,  later  checked 
these  same  and  other  forecasting  methods  at  yet  another  seven  existing 
reservoirs.  All  of  the  reservoirs  at  which  the  indicated  check  took 
place  have  been  enumerated  in  table  1. 


The  expected  water  mineral  content  was  calculated  through  formula  ^5; 
during  a calculation  for  an  entire  reservoir  and  for  two  reservoirs  in 
a calculation  done  consecutively  by  sections — according  to  the  formulas 
of  A.  jraslavskiy,  the  chart  of  /.  A.  3aranov  and  L.  ...  Popov,  tne 
charts  of  /.  A.  Jaranov  and  the  running  method  of  k . i.  ,-jriventsov. 

luring  the  calculation  using  formula  (5;,  .\t.r  was  equated  to  3.25  > 

J.?5  * 'K > 3.5  • h ‘*'3.5  .Me  and  3.75  -w  + 3.25  .:K.  The  equation  .■.a.T  = 3.25 
u > 3.75  • k can  "oe  observed  in  reservoirs  of  r ulti-year  regulation  dur- 
ing the  flooding  period  when  the  low  mineral -content  flood  waters  pass 
through  the  reservoir  at  the  surface  levels  and  are  discarded  'mm  the 
reservoir  in  greater  amounts  than  the  more  mineralized  winter  waters  of 
the  lower  levels. 


The  values  of  the  . .iniir.uju,  maximum  and  average  calculation  errors  for  the 
water  mineral  content  observed  In  reality  have  been  presented  lri  table  1. 
Phis  table  also  jive.;  the  character intlcs  of  the  reservoirs  for  water  Inter- 
chan*’, e ^the  ratio  o”  iraluage  vol u..ie  and  all  types  of  water  cons.r .ptlou 
to  the  greatest  vol use  of  water  in  the  reservoir'  during  the  calculated 
year;  and  the  ratio  of  the  length  of  tne  reservoir  to  its  average  width 
during  .m  j/normal  backwater  level/. 

From  the  results  presented  in  table  1,  one  can  rake  the  following  pre- 
liminary conclusionsi 

1.  For  reservoirs  of'  the  .oarlovskiy  and  ul'khovskiy  types  (a  water  volume 
of  25-27  million  cubic  meters,  a 3.65  water  interchange , a ratio  of  length 
to  width  of  12  to  4),  the  calculation  of  the  expected  mineral  content  of 
the  water  ought  to  be  done  according  to  the  charts  of  V.  A.  3ara.no v^o/, 
the  formulas  of  A.  r.  Braslavskly/l?/  and  formula  (5>  with  i.tT  = 3.25  • 

+ 0.75  Hk.  Good  results  have  been  obtained  for  these  reservoirs  when 
also  using  the  chart  of  V.  A.  Baranov  and  L.  ropov^/T^/. 

2.  For  reservoirs  of  the  Tsimlyanskiy  type  (water  volume  during  ..rG  of 
23. 8 cubic  kilometers,  a 0.8  water  interchange,  a ratio  of  the  length 
from  the  city  of  .\alach-na-3onu  to  the  dam  to  the  average  width  of  12 ,, 
satisfactory  and  close  results  have  been  obtained  when  calculating 
according  to  the  method  of  i>..  I.  .-jriventsov , the  charts  of  V.  A.  jarar.ov 
and  Y.  A,  Baranov  and  L.  ...  xopov  and  the  formulas  of  a.  x.  Braslavskiy, 

3.  The  expected  mineral  content  of  the  water  of  /eselovskiy  type  reser- 
voirs (a  water  volume  of  about  one  cubic  kilometer,  a 3.62  water  inter- 
change and.  a ratio  of  the  length  to  the  average  width  of  4 5;  should  be 
computed  consecutively  by  sections  through  formula  (5;  with  ..o.t  = 3.5 

+ 3.5  ..k  and  through  the  chart  of  . . A.  Barar.ov  and  L.  .i.  ropov,  and  for 
the  separate  points  of  the  reservoir  through  the  method  of  ...  I.  roriveu- 
tsov  (see  page  96)  with  the  presence  of  reservoir  water  volume  data  from 
its  thinning-out  area  to  its  calculated  point. 

4.  For  hatta-Kurganskiy  type  reservoirs  ^a  volume  of  5!?0  million  cubic 
meters,  a 1,1  water  interchange  and  a ratio  of  length  to  width  of  lj  tne 
best  results  are  obtained  using  the  chart  of  V.  A.  Baranov  and  L.  ... 
ropov.  Satisfactory  results  are  also  obtained  for  this  reservoir  when 
calculating  with  formula  (5)  for  all  values  of  :.<.x  and  with  the  formulas 
of  A.  ?.  Braslavskiy, 

5.  For  the  Samarkand  and  ningirskiy  type  reservoirs  (a  volume  of  173- 
350  million  cubic  meters,  a 1,9  water  interchange  and  a ratio  of  length 
to  average  width  of  3-1^)  fine  results  have  been  obtained  during  cal- 
culations with  formula  (5)  when  her  = 0.25  H*  + 0.75  • and  with  the 
formulas  of  A.  BraslavsKiy. 
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Table  1.  haxlmum  Permissible  and  Average  Errors  of  Calculating  uK  for  Various  .iethods  and 
Reservoirs  (in  Percentages) 


able  1.  (cont 


npaiteiaaie-  «/o  — «« onpeaumra. 


Table  1.  (cont 
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6.  In  calculating  the  expected  mineral  content  of  the  water  for  the  Staro- 
kryinskiy  reservoir  ;a  water  volume  of  52  million  cubic  meters,  a 1.2  water 
interchange  and  a ratio  of  length  to  average  width  of  63 ) fino  results 
have  been  obtained  with  all  of  the  calculation  methods  (calculating  con- 
secutively by  sections  has  not  been  done  because  of  the  absence  of  data 

on  the  water  volumes  in  the  reservoir  at  its  separate  sectors).  The 
closest  values  to  those  observed  in  reality  were  obtained  with  the  for- 
mulas of  A.  S.  Braslavskiy  arid  with  formula  (5). 

7.  For  reservoirs  of  the  kayrak-^umskiy  type  (a  water  volume  of  4.16 
cubic  kilometers,  a 5.1  water  interchange  and  a ratio  of  length  to  average 
width  of  7)  the  best  results  are  obtained  when  calculating  according  to 
formula  (5)  with  Kct  “ 0.75  KM  + 0.25 

3.  Reservoirs  with  significant  volumes  of  water  (8.8-18.2  cubic  kilo- 
meters), with  a large  water  interchange  (7. 8-2. 9)  and  a large  ratio  of 
length  to  average  width  (22-27)  should  be  computed  with  K.  I.  Mriventsov's 
method  which  yields  results  having  the  least  deviation  from  the  values 
observed  in  reality.  The  work  of  A.  A.  Zenin  and  K.  3.  Lazarev^g/  also 
confirms  this  conclusion. 

There  has  been  an  insignificant  number  of  analyses  of  their  water  min- 
eral content  for  some  of  the  reservoirs  examined  above.  Therefore,  when 
the  average  observed  water  mineral  contents  of  these  reservoirs,  com- 
puted with  available  values  to  which  the  mineral  contents  of  the  water 
obtained  through  these  calculations  have  been  compared,  it  is  possible, 
to  some  degree,  that  they  deviate  from  their  true  values.  This  pro- 
bably introduced  some  distortions  into  the  magnitude  of  the  errors. 
However,  the  relative  relationships  of  the  errors  of  the  various  methods 
must  not  change  because  of  this  and  the  conclusions  presented  above  on 
the  applicability  of  one  or  another  forecasting  method  remain  basically 
in  force. 

It  is  interesting  to  note  that  the  magnitude  of  the  calculation  errors 
for  the  narlovskiy,  ol'khovskiy,  Staro-Xrymskiy,  kingirskiy  and  Samar- 
kand reservoirs,  obtained  through  the  formulas  of  A.  r.  BraslavsKiy/lS/, 
have  proven  to  be  less  than  or  equal  to  the  errors  obtained  using  the 
charts  of  /.A.  3a.ra.nov/20/  and  V,  A.  Saranov  and  L.  N,  i opov/\2/  . This 
indicates  that  the  so-called  "intrabasin  processes",  to  which  the  latter 
authors  attach  great  importance  and  which  they  strive  to  take  into 
account  in  their  charts  and  which  A.  r.  Braslavskiy  does  not  take  into 
account  in  his  own  formulas,  do  not  have  considerable  importance  in  the 
salt  balance  of  reservoirs.  The  divergence  between  the  calculated  and 
observed  mineral  content  of  reservoir  water  depends,  to  a significant 
degree,  on  the  non-binding  of  water  balances  which  fluctuate  somewhere 
roughly  around  10  percent. 

klans  call  for  the  continuation  in  the  future  of  the  work  described  by 
accumulating  materials  on  the  chemical  composition  of  water  and  the  water 
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balance  of  the  reservoirs  and  the  rivers  deeding  them.  There  should  be 
a broadening  not  only  of  the  number  of  reservoirs  which  will  make  It  poss- 
ible to  determine  which  calculating  method  is  most  suitable  for  which  type 
of  reservoir  and  to  define  more  exactly  the  forecasting  method,  but  also 
to  calculate  for  a large  number  of  years  the  most  typical  water  content 
year  for  the  year  being  calculated  and  its  place  in  a series  of  previous 
years . 

The  conclusions  presented  above  allow  us  to  make  a general  inference  that 
there  is  no  way  a universal  forecasting  method  can  exist  which  is  suit- 
able for  different  reservoirs  differing  in  the  degree  of  drainage  regu- 
lation, water  interchange,  and  morphology  and  morphometry.  It  is  fully 
possible  that  in  the  final  analysis  it  will  be  necessary  to  develop  and 
use  various  methods  for  the  separate  hydrological  periods  of  the  year 
as  they  are  already  doing  at  YNII  /ODGEC, 


At  the  same  time  these  conclusions  point  to  the  necessity  for  broadening 
the  work  on  studying  the  factors  influencing  the  hydrochemical  system  of 
the  reservoirs  and  the  chemical  composition  and  mineral  content  of  their 
water. 

The  problem  concerning  the  processes  for  mixing  the  intake  water  in  the 
reservoir  with  its  own  water  has  the  greatest  importance.  This  question 
is  Important  not  only  to  improve  the  forecasting  method  of  the  normal 
ingredients  for  natural  water,  but  its  importance  is  particularly  grow- 
ing with  the  always  increasing  inflow  into  surface  waters,  including  into 
reservoirs,  of  home  and  industrial  effluents. 


Unfortunately,  the  process  of  mixing  intake  water  with  the  reservoir  water 
has  received  little  attention.  Investigators  are  more  interested  in  the 
problems  of  the  flow  and  stratification  of  currents  in  reservoirs  (u . m. 

| Dochkov^^J,  I.  Gabriel',  K,  3ymon^j27)an^  'the  problems  of  mixing  the 

waters  of  two  rivers  feeding  the  reservoir  (A.  A.  Zenin/^Z/) . These 
problems  have  great  importance  for  forecasting  the  chemical  composition 
and  mineral  content  of  reservoir  water  at  its  separate  points.  However, 
they  still  have  not  found  such  a quantitative  concept  which  could  be  used 
in  calculating  formulas. 


'./hen  calculating  the  expected  mineral  content  of  water  it  is  necessary  to 
know  in  what  proportions  in  different  parts  of  the  reservoir  and  in  diff- 
erent periods  of  the  year  the  intake  waters  are  mixed  with  the  reservoir 
water.  Required  are  data  similar  to  that  obtained  cy  A.  . Almazov^?, 

?P  195-202/  during  a study  of  the  mixing  of  river  and  sea  waters  in  the 
Dnepr  and  other  estuary  areas,  although  the  stratification  and  flow  of 
currents  are  also  observed  in  them. 


tfe  presented  calculations  for  the  content  of  the  Tsimlyanskiy  intake  and 
winter  water  at  the  separate  hydrochemical  stations  of  the  Bol'shoy  iad- 
kovskiy  Day  of  the  /eselovskiy  reservoir  for  the  non- icebound  period  in 
19^0,  the  content  of  intake  and  old  water  in  the  middle  of  the  cross- 
sections  of  the  /eselovskiy  reservoir  for  the  period  June-September  195^ 
and  for  the  .\ingirskiy  reservoir  for  the  non-icebound  period  in  195S  and 
1959. 


r 
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The  calculation  was  made  with  the  equations 

l)  jc«=100-y  h 2)  y-^_ cfc • 100» 


where  > and  y are  the  portion  of  the  flow  water  volume  entering  the  reser- 
voir for  the  calculation  period  and  the  portion  of  the  winter  and  old  water 
volume  in  percentages  in  the  reservoir  or  bay  station  under  investigation 
at  the  end  of  the  calculation  period,  Gin  is  the  weighted  content  of 
chloride  ion  in  the  flow  water  during  the  calculating  period,  Cly  is  the 
chloride  ion  content  in  the  water  of  the  station  under  study  at  the  start 
of  the  calculating  period.  Cl  is  the  same  at  the  end  of  the  calculating 
period. 


The  results  of  these  calculations  have  been  presented  in  tables  2-4, 


Table  2.  The  Composition  of  the  Water  at  the  middle  of  the  Cross-sections 
of  the  , eselovskiy  Reservoir  at  the  End  of  the  Calculating  i-erlod 
(June -September  195^0 
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If  you  consider  the  flow  volume  for  the  calculation  period  and  the  water 
volume  at  sectors  from  the  top  to  the  calculated  station,  you  will  have 
the  following  picture. 

fable  3.  The  Composition  of  the  Water  at  the  ,.ean  Stations  of  the  Bol'snoy 
Sadkovskiy  lay  during  the  reriod  from  24  April  to  13  uctober  i960 
^ in  percentages) 
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Table  4.  Water  Composition  at  the  median  Stations  of  the  nlngirskiy 
rteservoir 
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Some  257  million  cubic  meters  of  water  entered  the  top  at  the  Veselovskiy 
reservoir  during  the  period  June-3eptember  1^3^ • 

Thus  the  rirst  sector  (from  the  top  to  section  3)  had  a water  interchange 
of  about  3,  the  second  sector  (top-section  4) — about  2,  the  third  (top- 
sectior.  5b; — about  1.  the  fourth  (top-section  6) — around  0.7,  and  the 
fifth  (top-section  7) — around  0.5.  With  such  water  interchange  magni- 
tudes, full  mixing  of  theold  water  at  thelower  limits  of  the  first  and 
second  sectors  occurred,  at  the  lower  limit  of  the  third  old  water  mixed 
with  flow  water  at  a ratio  of  9*1,  at  the  lower  limit  of  thefourth — in 
a ratio  of  19*1,  and  flow  water  actually  did  not  reach  the  lower  limit 
of  the  fifth  sector  during  the  four  months. 

At  the  Bol's’noy  Sadkovskiy  3ay  40  million  cubic  meters  of  water  entered 
the  top  from  April  24  to  June  15,  112  million  cubic  meters  by  6 August, 
and  223  million  cubic  meters  by  15  ^ctober.  With  such  a flow  water 
volume,  the  water  interchange  at  the  separate  sectors  was  approximately 
equal  to  the  values  presented  in  table  5, 


Table  5« 
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In  this  case  a full  mixing  of  the  water  at  the  a-d  sector  (table  3 ; did 
not  occur  by  15  June,  even  though  the  water  interchange  was  two  times 
greater  than  in  the  preceding  case.  The  flow  water  did  not  reach  the 
lower  parts  of  the  a-i  and  a-k  sectors. 

In  the  period  from  15  June  to  6 August  the  flow  water  replaced  the  bay's 
winter  water  not  only  in  its  upper  parts  but  also  in  the  entire  a-d  sec- 
tor. The  old  water  was  replaced,  to  a significant  extent,  by  the  flow 
water  at  the  d-e  and  e-zh  sectors.  At  the  zh-z,  z-i  and  i-k  sectors, 
the  old  water  and  the  flow  water  occurred  at  the  ratios  1*1,  2jl,  3*1* 

In  the  period  from  6 August  to  15  uctober  was  observed  the  apparent  re- 
turn of  theold  water  to  the  upper  sectors  and  an  increase  of  its  share 
at  these  sectors  of  the  bay.  Apparently  such  a sharply  different  pic- 
ture of  mixing  and  substitution  of  old  water  with  flow  water  in  the  bay 
is  explained  by  the  following.  In  ^ctober  the  feeding  of  Tsimlyanskiy 
water  into  the  bay  noticeably  decreased  and  stopped  on  14-  uctober.  Rot 
only  the  Tsimlyanskiy  water  but  also  the  ground  water  whose  level  apprec- 
iably increased  over  the  level  of  the  bay  water  because  of  the  filtration 
of  the-  water  from  two  feeder  canals  passing  close  to  the  bay  participate 
in  feeding  the  bay.  Therefore,  the  volumes  of  the  separate  types  of  water 
for  15  October  at  the  upper  stations  of  the  bay  were  somewhat  distorted. 

one  can  cite  the  apparent  influence  of  the  ground  flow  into  the  bay  to 
explain  also  the  slowing  down  of  the  replacement  of  old  water  with  flow 
water  in  the  bay  compared  with  its  faster  replacement  an  the  reservoir. 

Regarding  the  kingirskiy  reservoir,  in  the  period  from.  2?  February  to 
24  April  1958,  120  million  cubic  meters-  of  flow  water  entered  it  with  a 
water  volume  in  the  reservoir  at  the  start  of  the  period  of  136  million 
cubic  meters.  The  water  interchange  therefore  in  this  period  was  equal 
to  approximately  0.8. 

From  8 ..ay  to  10  June  1959,  the  flow  was  equal  to  16,9  million  cubic 
meters,  the  volume  of  water  in  the  reservoir  was  171  million  cubic  meters, 
and  the  water  interchange  was  0.1.  ' 

From  11  June  to  15  August  1959,  the  flow  was  equal  to  4.7  million  cubic 
meters,  the  volume  of  water  in  the  reservoir  was  157  million  cubic  meters, 
and  the  water  interchange  was  0,03, 

owing  to  the  insignificance  of  the  water  interchange,  a full  replacement 
of  the  old  water  in  the  ,-vingirskiy  reservoir  with  flow  water  did  not 
occur  even  in  the  period  of  the  1958  flood-time,  nevertheless  the  old 
water  was  three-quaurters  replaced  by  the  flow  water.  At  the  end  of  this 
period  the  ratio  in  the  reservoir  of  old  water  to  flow  water  was  equal  to 
approx imat e ly  1*3. 
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In  two  other  periods  when  the  water  interchange  was  equal  to  0.1  and  0.03, 
the  old  water  predominated  in  the  reservoir,  the  portion  of  the  flow 
water  only  in  the  top-area  part  was  equal  to  5?  percent  on  10  June,  at 
the  remaining  stations  of  the  reservoir  its  portion  was  appreciably  lower 
than  10  percent. 

The  accumulation  of  similar  data  on  the  process  of  mixing  the  flow  water 
with  the  reservoir  water  will  permit  the  establishment  of  the  rules  of 
this  process,  making  it  possible  to  improve  the  method  of  forecasting 
the  chemical  composition  of  reservoir  water. 

Besides  studying  the  process  of  mixing  flow  water  with  reservoir  water, 
it  is  necessary  to  pay  attention  to  the  study  of  the  interaction  of  shore 
(ground)  deposits  with  the  reservoir  water  (the  seepage  of  water  into 
the  shores  and  ground  water  drainage  into  them  during  the  decrease  of 
water  storage,  the  deposit  on  the  shores  of  salt  and  washout  during  their 
flooding,  the  erosion  of  their  banks  and  the  entry  into  the  reservoir 
water  of  chemical  compounds  from  their  rocks,  etc.)  on  the  factors  instru- 
mental to  the  sedimentation  of  calcium  carbonate  from  the  reservoir  water, 
on  the  mineral  content  and  composition  of  ice,  on  the  influence  of  plants 
on  the  chemical  composition  of  the  water  and  on  atmospheric  and  wind- 
borne  precipitation  falling  on  the  water  surface  of  the  reservoirs.  It 
is  possible  that  we  should  also  pay  attention  to  the  solid  particles  carried 
by  the  wind  during  dust  storms,  whose  composition  has  been  insufficiently 
studied  and  which  can  in  some  regions  of  our  country  prove  to  be  an  influ- 
ence on  the  chemical  composition  of  reservoirs. 

vf  great  importance  is  the  study  of  the  dynamics  of  organic  and  parasitic 
substances  and  the  connection  of  their  content  throughout  the  entire  re- 
servoir and  in  its  separate  parts  with  the  water  interchange  and  mor- 
phology of  the  reservoir.  These  data  make  it  possible  to  forecast  the 
content  of  these  substances  not  only  by  analogy  but  also  through 
calculation. 
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